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[bookmark: _GoBack]Abstract. Nowadays access to well-defined, accurate and up-to-date information plays a vital role in supporting decision making processes. As a result, the amount of geospatial data being created and need to be accessed through networked environments is increasing at exponential rates. At the same time, the increasing capacity of communication technologies has brought about more advanced means of accessing geospatial data sources. Historically, the Oil and Gas field has had significant demand for geographic and positional data. Transmission pipeline operators, as a subset of this field, have relied upon traditional methods of managing geospatial data sources for decision making and analyses. This research presents an initial design for a Metadata Catalog Service (MCS) platform as a part of Spatial Data Infrastructure (SDI) for Pipeline operators. It is informed by examining the geospatial data management processes of 25 Pipeline operators around the world. A preliminary design for a MCS implementation is proposed.
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[bookmark: _Toc403470095]Introduction
We live in an age of increasing information dependency. Geospatial data in particular is one of the most critical elements underpinning decision-making for many disciplines and many levels of society (Williamson, Rajabifard, & F.Feeney, 2003).  Spatial Data Infrastructure (SDI) is an initiative intended to increase accessibility, and enable discovery and efficient distribution of geospatial data. The objective of SDI is to create an environment in which stakeholders can exploit geospatial data at different levels (Williamson, Rajabifard, & F.Feeney, 2003). In another words, Spatial Data Infrastructures offers a mechanism to manage geographic information efficiently (Nebert D. , 2004).
SDIs facilitate the sharing of data. In the context of geo information processing, the main aim of an SDI is to allow geospatial data to be integrated and accessible within (increasingly complex) various digital environments. By avoiding duplication associated with generation and maintenance of data and integration with other datasets, SDIs can produce significant human and resource saving and returns on investment. SDIs have thus become central in determining the way in which geospatial data are organized and accessed within organisations, states, nations, and different regions around the world. One of the main components of SDIs is a geospatial catalog that enables users or applications to find information that already exists anywhere within a distributed computing environment. Geospatial catalogs are solutions to publish descriptions of geospatial data holdings in a standardized way. At the same time, the catalog enables searching across multiple geospatial services (OGC, 1996). This infrastructure is called a Metadata Catalog Service (MCS).
Availability of geospatial data on one hand and accessibility, applicability and usability on the other hand, make it complex to supply users with required geospatial data (Rajabifard, Williamson, Holland, & Johnstone, 2005). Ensuring availability of the data and a finding the appropriate dataset and then being able to access/use it, is the one of the key challenges. This is specifically the case in large organisations with many different departments and jurisdictions, such as transmission pipeline operators. One potential solution to this issue is a Metadata Catalog Service (MCS) (Nogueras-Iso, Zarazaga-Soria, Béjar, Álvarez, & Muro-Medrano, 2004).
Pipeline operators are dealing with these challenges while executing their daily workflows using geospatial data. In some cases, the geospatial component is not explicitly recognized. This brings to light issues associated with finding, supplying, preparing, exchanging and deploying required (spatial and other) data in a proper time, shape, format and quality. What is required is a comprehensive platform for managing all kinds of information about the available data sources within an organisation.
This requirement defines the aim of this paper which is to design a Metadata Catalog Service (MCS) for pipeline operators. For this purpose, twenty-five operators in the Transmission Pipeline industry were examined. These operators are located in USA, Canada, Colombia, Argentina, Holland, Russia, Kazakhstan, UAE, India, Thailand, Australia and New Zealand. The requirements for MCS were summarised, analyzed and classified as shown. In addition, an architecture for Transmission Pipeline operators is designed and developed and future directions are noted.
[bookmark: _Toc403470096]Evaluation of Pipeline Operators
The issues concerning geospatial data fall into 7 main categories:
[bookmark: _Toc403470097]Duplication of Geospatial Data
Unnecessary duplication of efforts relating to data gathering and preparation in organisations is often due to unavailability of mechanisms information exchange among departments (which are often distributed internationally). This remains a significant barrier to more effective and efficient use of GIS throughout large organisations (Frank, 1992).
Pipeline operators produce their required geospatial datasets such as pipeline corridors, right-of-ways, High Consequence Areas (HCAs), and pipeline geohazard zones for a variety of internal and external reporting purposes.  Many of the datasets required for these analyses are sourced from a variety of internal and external data providers.
The evaluation of 25 pipeline operators showed that 48% of them were making minimal use of geospatial data. This means that most were using non-spatial methods, and minimal spatial analyses. Also, 24% of the operators were reproducing their required geospatial datasets. Only 28% of the operators were using the available geospatial datasets fitted to their requirements. Figure No. 1-1 shows the level of geospatial data production in 25 Pipeline operators.
[bookmark: _Toc403470098]Up-to-datedness and Accuracy in Geospatial Datasets
Up-to-datedness has been considered as a quality measure for geospatial data representation (Burrough & McDonnell, 1998). Positional accuracy of the geospatial datasets shall be tested by an independent source of higher accuracy. Three alternatives have to be considered in order to determine the positional accuracy of geospatial datasets (Wenzhong, Fisher, & Goodchild, 2003): 
1. Deductive estimate on the available datasets, 
2. Internal evidence between the available geospatial datasets and 
3. Comparison to the source of geospatial datasets.
Geospatial datasets are usually used as the source of analyses for pipeline operators; however, analyses are often performed without consideration of the accuracy and quality of the geospatial datasets used. Operators are mostly concerned with high resolution ‘results’ of pipeline integrity status, although frequently the geospatial input data used for analyses has an accuracy of +/- one thousand meters. Figure 1-2 summarises the use of outdated and inappropriate geospatial datasets among the 25 Pipeline operators.
By having MCS in place, pipeline operators would be able to discover available datasets and invoke the latest version of these data in their daily operations. This will in turn facilitate increased accuracy of any analyses, including pipeline integrity parameters, such as risk scores.
[bookmark: _Toc403470099]Metadata Standards
Geospatial data describes the ‘real world’ for analyses and map representation. In order to insure that data is not misused, the assumptions, limitations and description of the collection of the data must be fully documented. As geospatial data producers and users handle more and more data, proper documentation will provide them with a better knowledge of their potential value and allow them to better manage data production, storage, updating and reuse. This documentation is called metadata or geospatial metadata (Tschangho, 1999).
Metadata, or data about data, provides information such as the characteristics of a dataset, its history, and the organisations to contact to obtain a copy of it. Standardized metadata elements provide a means to document datasets within an organisation, to contribute to catalogs of data that help individuals find and use existing data, and to help users understand the contents of datasets that they receive from others (Longley, Goodchild, Maguire, & Rhind, 2005).
Metadata provides a clear description on geospatial datasets so that users will be able to determine whether the data in a holding will be of use to them. Metadata allows a producer to fully describe a dataset so that other users can understand the assumptions and limitations and evaluate the dataset's applicability for their intended use.
Based on the results of the study, it was noted that none of the operators use a global metadata standard. 84% were not using a metadata standard because they were either unfamiliar with the topic, or it was deemed unnecessary. Only 16% of the operators have their own metadata standard that could be reconsidered. Figure No. 1-3 shows the results of metadata standards among the selected Pipeline operators.
By having an operational MCS, operators can gain the full benefit of using global Metadata Standards, which will enable them to integrate other datasets quickly and efficiently, thus decreasing the amount of efforts on data preparation.
[bookmark: _Toc403470100]Policies For Exchanging and Sharing Geospatial Data
The geospatial data captured and stored by different GIS systems, remained in their proprietary format creating an important impediment for their integration and exchange with other systems.
Improved compatibility between various GIS software systems and the emergence and proliferation of interoperability (e.g. through the OpenGIS initiative) have increased the possibility of a better integration and exchange of geospatial data, consequently making GIS data sharing within the GIS user communities possible (Aybet, Al-Saedy, & Farmer, 2009). Interoperability is the ability by which different applications can interact with one-another (Comert, 2004). Since the last 10 years, it has become widely accepted that the exchange of geospatial data should be possible among all the levels of society according to widely accepted standards (Kraak & Ormeling, 2011).
Advantages of exchanging and sharing geospatial data are not widely practiced in the Pipeline industry. In the study performed, no activity concerning exchange and data sharing was detected.
By having an MCS implemented inside their organisation, Pipeline operators could be motivated to exchange and share their datasets. This is potentially useful because in many regions of the world, different operators operate transmission pipelines that run parallel to those of other operators. Avoiding redundancy and increasing data availability is a positive outcome in these cases.
[bookmark: _Toc403470101]GIS Capabilities
The number of users of GIS is growing rapidly. This growth will continue and its rate may even increase if new fields for GIS applications are found and exploited. The real surge in GIS applications are not yet aware of the added value that GIS can bring in a wide range of research issues. This lack of awareness was realized and named as one of the real barriers to a more practical use of GIS since 1980’s (Chorley, 1988) (Masser, 1988).
Although GIS is implemented and used in most of the Pipeline operators, based on this research, it was noted that majority of operators (72%) were not using the full range of GIS capabilities, while 28% of the operators were taking advantage of the full GIS capabilities. 12% of the operators were using GIS to visualize and store the geospatial data. 24% of the operators were using GIS as geospatial data repository and 36% of the operators totally were not using GIS system. Figure No. 1-4 shows the categorization of understanding GIS capabilities among 25 Pipeline operators.
The main reason of having 72% of the operators not using all of the GIS capabilities is that they don’t have enough datasets to perform their analyses and accordingly get benefit of using all of the GIS capabilities.
[bookmark: _Toc403470102]Potential Usage of Available Geospatial Datasets
The most significant geospatial data problem facing with different levels of society is a lack of resources and shortage of funding for data acquisition and management. Pipeline operators as a part of geospatial data consumers society are having major issues concerning knowing the potential usages of geospatial datasets.
Based on the research among 25 Pipeline operators, 40% of the operators were not using geospatial data in their workflows as they were not aware of its potential usages. 32% of the operators were only using the geospatial data for visualization purpose (e.g. as background information). Only 28% of the operators were aware of the geospatial datasets usages and were using them for Geoprocessing analyses. Figure No. 1-5 shows the result of geospatial datasets usages among 25 Pipeline operators.
The ideal situation would be to increase this 28% of the operators to 100%. By having a MCS which provides the required datasets to the operators, this objective would not be far away from the reality.
[bookmark: _Toc403470103]Decision Making in Emergencies
Occurrence of incidents such as pipeline leaks and ruptures cannot be prevented completely as they might be caused by complex interactions of integrity-related and geospatial factors (corrosion, pressure variation, earthquakes, etcetera). But it is possible to minimize the risk and consequence of these incidents occurring by taking precautions and applying effective emergency response plans (Girgin, Unlu, & Yetis, 2006). In order to reduce economical and human losses, an environmental dimension is required in these plans to control the possible adverse effects on High Consequence Areas (HCAs). HCAs are areas that subjected to a significant risk in case of a pipeline incident (Najafi & Osborn, 2007).
Ill-structured geospatial data is unreliable to decision makers in case of an emergency (Frez, Baloian, Pino, & Zurita, 2014). In particular, data may be incompatible (not covering the whole space) and/or uncertain (there are doubts on the data accuracy and veracity). A typical case in which this situation occurs in some Emergency Management response processes (Chen, Sharman, Raghav Rao, & Upadhyaya, 2008).
Official statistics performed in USA between 1986-2003 on liquid pipelines show 2,956 gross barrels loss of product as well as 133 incidents for gas pipelines between 1985-1987 and 1999-2001. In the USA between 1989-1998, 226 people died and 1,030 were injured in major pipeline incidents (Press, 2004). In these cases, having a suitable MCS could help them toward better understanding, invoking, overlying and analyzing geospatial datasets.
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[bookmark: _Toc403470104]Metadata Catalog Services (MCS) For Transmission Pipeline Operators
The ability to use existing geospatial data is important to organisations to make the best use of the available datasets in their daily workflows. This ability depends not only on being able to find data, but also on understanding the characteristics and quality of the data (Longley, Goodchild, Maguire, & Rhind, 2005). 
The MCS function can go far beyond the basic listing of content (Longley, Goodchild, Maguire, & Rhind, 2005). It is more than a simple database service providing metadata attributes or tightly held internal data index tool (Longley, Goodchild, Maguire, & Rhind, 2005). Rather, it is a specialized and widely accessible and distributed application spread across the Internet (Longley, Goodchild, Maguire, & Rhind, 2005) (Singh, Bharathi, Chervenak, Deelman, & Kesselman, 2003). MCS allows direct ordering or download of data, user comments or feedback, as well as requests for new data collections. Metadata and data catalogs are thus the means by which data users can more economically find, share, and use geospatial data (Longley, Goodchild, Maguire, & Rhind, 2005).
A typical compound activity in MCS includes the discovery and download of relevant geospatial data, applying preprocessing and appropriate analyses methods, and finally rendering the results on a map. Catalogs can be used to discover resources published in an SDI according to the CSW standard (Nebert, Whiteside, & Vretanos, 2007). Discovery is the process of identifying data items of interest to the user (Singh, Bharathi, Chervenak, Deelman, & Kesselman, 2003). Based on the study of 25 Pipeline operators and comparing available MCS for other domains, the requirements for an ideal MCS is detected and analyzed within the following topics:
[bookmark: _Toc403470105]Data
An ideal MCS for Pipeline operators should consider the data and be able to answer the questions about data registry, data management and data discovery:
· The MCS must support metadata registry query operations on the contents (Li, Wang, & Feng, 2004) and underpinning databases.
· To support replica management and data consistency (Jin, Xiong, Wu, & Zou), the MCS should associate a master copy attribute with metadata mappings.
· The MCS should support Data Discovery based on the value of descriptive attributes, rather than requiring them to know about specific names or physical locations of data items. Discovery is the process of identifying data items of interest to the user. The Metadata Service allows users to discover data sets based on the value of descriptive attributes, rather than requiring them to know about specific names or physical locations of data items (Singh, Bharathi, Chervenak, Deelman, & Kesselman, 2003).
[bookmark: _Toc403470106]Accessibility
An ideal MCS for Pipeline operators should consider data access policies, indexing of datasets, as well as methodologies for searching:
· The MCS must have policies regarding the consistency guarantees, authentication, authorization, and auditing capabilities.
· The MCS should support searching including the use of intelligent agents that continually sift and record relevant items and the promotion of metadata to make documents self-indexing (Bossomaier, Hope, & Green, 2003).
[bookmark: _Toc403470107]Transformation
An ideal MCS for Pipeline operators should consider data transformation(s) required to support the data source mappings, use of external data sources, and be able to apply projection transformations:
· The MCS may support the ability to aggregate metadata mappings into collections or views (Smiraglia, 2012).
· The MCS should support Metadata Mapping to an external container service that is used to group together large numbers of relatively small data objects for efficient data storage and transfer.
· The MCS should provide the ability to store attributes that describe the record of transformations and projection on a dataset, including the dataset’s creation and subsequent processing.
[bookmark: _Toc403470108]Standardization
An suitable MCS for Pipeline operators should consider metadata representations standardizations to be able to provide API to end-users, support Service Oriented Architecture (SOA) and use web services:
· The MCS should provide a set of standard interfaces and APIs for storing and accessing metadata.
· The MCS should be designed based on SOA. System components of a SOA constitute a group of services that communicate with each other via interoperable services and interfaces (Kreuzberger, Lunzer, & Kaschek, 2011). 
· The MSC should use Web Services for functionalities such as data storage and data retrieve (Janowicz, Schade, Bröring, Keßler, Maué, & Stasch, April 2010). 
· The MCS should use services to encapsulate data or processing models to exchange data between services and to make them interoperable, services have to share common schemas (Smiraglia, 2012) or translate between them (Probst & Lutz, 2004).
· The MCS should be capable of providing services to and invoke services from other systems to enable them to operate effectively together (Kuhn, 2005).
[bookmark: _Toc403470109]Designing MCS Architecture for Pipeline Operators
According to the detected, analyzed and gathered requirements for MCS implementation, an architectural diagram (shown in Figure 2 is developed).
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Figure 2. Ideal Design of MCS for Pipeline operators
Components of this architecture are as following:
[bookmark: _Toc403470110]Application Tier
The application tier is responsible for the interactions with the end-users and offer the final results based on a query. Following applications should be available within an ideal design of application tier:
· Service Catalog: This application is the MCS user interface which will have different views such as searching functionalities from the attributes to the maps and from the maps to the attributes.
· Metadata Manager App: This application is responsible for managing the edition and version of the metadata for returning the final results of the metadata.
· Search App: This application should be responsible for receiving the requests from the users and translating them in a meaningful way to be used throughout the services.
· Service App: This application translates the returned querying results into a service.
[bookmark: _Toc403470111]Service Tier
The Service tier is responsible to provide the required services for structuring, preparing, managing and querying datasets. This service tier in the ideal MCS contains the following services:
· Edition Service: Different standards may have different versions and accordingly the end-user may need specific version of the data source. Therefore this server service has to apply the requested version of the standard to the request.
· Search Service: This service is responsible for searching the data sources. This service should have the searching algorithms (based on intelligent agents) to find related records.
· Selection Service: This service is responsible to link the requests to proper datasets based on a search on MCS. 
· OGC CSW: Catalog Service for the Web (CSW) contains required standards and headlines for exposing catalog of geospatial records. Therefore this service applies the latest version of this standard on the whole MCS. 
· Standard Manager Service: Based on the different querying requests, MCS should offer different types of metadata results. This service is responsible for formatting the data based on specific standard.
· Schema Transformer Service: Pipeline operators, as well as pipeline inspection operators use various data models for managing and disseminating their geospatial data, including the ArcGIS Pipeline Data Model (APDM), Intrepid Pipeline Data Model (IPDM) and Pipeline Open Data Standard (PODS). Some of these are relational database models. In order to be able to query the data sources from the underpinning operators, this service has to perform the transformation(s).
· Data Source Access Manager Service: This service is responsible for authentication and authorization of the MCS users.
· Vector Query Service: Since the main purpose of designing MCS for Pipeline operators is offering geospatial datasets, having vector querying functionality in MCS is compulsory. Therefore this access service provide the geospatial querying functionalities (e.g. zoom in/or, buffer and intersection) to the online service for better use of the required online data sources.
[bookmark: _Toc403470112]Data Source Tier
This tier contains all of the required data sources for offering the services.
· Metadata Standard: In order to offer the service based on global metadata standards (e.g. ISO19115 and OGC standards), details of each standard has to be available in the MCS. This data source contains the standard details to form the basis to provide the service.
· Indexing Data Source: This data source will be used to address the files, folders, and data sources in the underpinning operators. This data source will be either (1) automatically filled by the application or script which gathers the details from the operators or (2) will be filled manually by the user from of the MCS interface.
· Online Data Sources: The details of online data sources with API functionality for querying (e.g. www.koordinates.com or www.usgs.gov) will be saved in this data source. Since each data sources has its own way of querying using API, details of each data source should be manually entered in this data source.
[bookmark: _Toc403470113]Underpinning Operators
The designed MCS will be used by Pipeline operators. Based on the research and the experiences, it was noted that each operator deals with a range of geodatabases (e.g. file and enterprise editions), Document management Systems (DMS) (e.g. SharePoint or document repository) as well as internal FTPs and shared directories. In order to use the MCS, some sort of applications and/or scripts are required to gather the information of all the available file, folders, datasets and etc. from the IT environment. This information has to be replicated in the indexing data source in data source tier of the architecture. 
[bookmark: _Toc403470114]Summary and Future Directions
Pipeline operators as a part of the geospatial data consumers society are using geospatial data in their daily workflows. In this research seven main issues were detected:
1. Duplication of geospatial data, 
2. Up-to-datedness and accuracy: use of inappropriate and/or outdated geospatial datasets, 
3. Metadata: absence of a standard, 
4. Data exchange: absence of policies for sharing geospatial data, 
5. (Un)awareness of GIS capabilities, 
6. (Un)awareness of potential uses of available geospatial datasets and 
7. Decision making in emergency cases.
By analyzing the issues identified within Pipeline operators, the requirements for a MCS design and architecture was defined. This architecture has 4 tiers: (1) application tier which contains the required applications for running the MCS, (2) service tier which contains the required services for structuring, preparing and aligning the datasets, (3) data access services to manage the data source, standards and data schema mapping and (4) underpinning operators as the supplier of the input datasets.
Furthermore, this paper introduced main success factors of an ideal Metadata Catalog Service (MCS) implementation for Pipeline operators. These factors include: (1) application tier including service catalog, metadata manager application, search application, data alignment application ad service broker application, (2) service tier including application services such as edition service, application search service, selection service and OGC OSW service, access services such as standard manager service, schema transformer service, data source access manager service and vector query API service, (3) data source tier including metadata standards data source, indexing data source and online services catalogs and (4) underpinning operators containing all the required datasets either geospatial datasets and attribute datasets.
The remaining steps include (1) defining the required technology for implementation of the MCS architecture, (2) defining the functional requirements of MCS, (3) analyses of MCS within the studied operators and (4) performance evaluation of the implemented MCS as well as required diagnosis.
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